Experimental Section

Materials and Measurements
Unless otherwise stated, all chemicals were obtained from commercial sources and used as received.
DMA and MeOH were distilled from CaH 2 and degassed with Ar. Acetone was dried over CaSO 4 and distilled under Ar. Thermogravimetric analyses (TGA) were performed on a Perkin−Elmer STA-6000 instrument under a constant flow of N 2 at a temperature increase rate of 10 °C/min. Infrared spectra were recorded on a Perkin−Elmer Fourier-transform infrared (FT-IR) spectrometer on a zinc−selenide crystal. MOP samples for acid digestion analysis were dissolved in d 6 -DMSO (1 mL) containing 1 drop of DCl solution (45% in D 2 O). NMR spectra were recorded on a Varian 500 MHz spectrometer at 23 °C using a 5 mm probe. Powder X-ray diffraction data were collected on a Bruker Advanced D8 diffractometer (capillary stage) using Cu Kα radiation ( = 1.5418 Å, 50 kW/40mA, 2θ = 2 -55°).
Energy-dispersive X-ray spectroscopy (EDX) was performed on a Philips XL30 field emission scanning electron microscope. Supercritical CO 2 activation was conducted using a Samdri-PVT-3D Critical-Point-Dryer.
Synthetic Methods
Precursor Hetero-bimetallic Acetate Synthesis
[Pd(µ-OAc) 4 Cu(OH 2 )(HOAc) 2 ], [Pd(µ-OAc) 4 Ni(OH 2 )(HOAc) 2 ] and [Pd(µ-OAc) 4 Zn(OH 2 )(HOAc) 2 ] were synthesised according to literature procedures. 1
Cu 2 (L) MOP
Cu 2 (L) was prepared according to a literature procedure. 2
NiPd(L) MOP
In a screw cap vial, [Pd(µ-OAc) 4 Ni(OH 2 )(HOAc) 2 ] (50 mg, 0.09 mmol) and 5-tert-butylisophthalic acid (20.6 mg, 0.09 mmol) were combined and sonicated in DMA (4 mL) for 2 min. The mixture was left at room temperature for 20 days resulting in orange prism-shaped crystals (35 mg, after activation). 
CuPd(L) MOP
In a screw cap vial, [Pd(µ-OAc) 4 Cu(OH 2 )(HOAc) 2 ] (50 mg, 0.09 mmol) and 5-tert-butylisophthalic acid (20.6 mg, 0.09 mmol) were combined and sonicated in DMA (4 mL) for 2 min. The mixture was left at room temperature for 2 days resulting in green prism-shaped crystals (18 mg after activation). 
ZnPd(L) MOP
In a screw cap vial, [Pd(µ-OAc) 4 Zn(OH 2 )(HOAc) 2 ] (50 mg, 0.09 mmol) and 5-tert-butylisophthalic acid (20.6 mg, 0.09 mmol)) were combined and sonicated in DMA (4 mL) for 2 min. The mixture was left at room temperature for 2 days resulting in pale yellow prism-shaped crystals (28 mg, after activation). 
Single Crystal X-ray Diffraction
Single crystals were mounted in paratone-N oil on a nylon loop. X-ray diffraction data were collected at 150(2) K with Mo Kα radiation ( = 0.7107 Å) at 100(2) K on the MX-1 beamline of the Australian Synchrotron ( = 0.7107 Å). 3 Data sets were corrected for absorption using a multi-scan method, and structures were solved by direct methods using SHELXS-2013, and refined by full-matrix least squares on F 2 by SHELXL-2014, interfaced through the program X-Seed. [4] [5] [6] [7] In general, all non-hydrogen atoms were refined anisotropically and hydrogen atoms were included as invariants at geometrically estimated positions, unless specified otherwise. While the heterobimetallic paddlewheels are incorporated into the MOPs with a significant preference for the palladium(II) centre on the interior surface, some disorder of these sites is observed by careful structural analysis. For each crystallographically unique paddlewheel the endohedral palladium and the exohedral 3d transition metal were refined at 75% occupancy and an endohedral 3d transition metal and exohedral palladium centre at 25% occupancy based on trial refinements. The minor paddlewheel component was refined using EXYZ and EADP restraints. The solvent molecule associated with each transition metal was assigned as an oxygen atom due to a high degree of disorder. DMA solvate molecules were disordered and refinement was accomplished using the SQUEEZE routine of Platon to remove electron density corresponding to these entities. Disorder of the t-butyl sites was also common to all the structures and was restrained accordingly. 8 All MOP crystals were only weakly diffracting despite the use of synchrotron radiation and this is noted as required for the individual structures. Powder X-ray Diffraction Figure 1 . Powder X-ray diffraction of ZnPd(L) activated (green), as synthesised (red) and simulated from single crystal diffraction data (blue). 
Gas Adsorption Measurements
Gas adsorption isotherms were measured using a Micromeritics 3-Flex or ASAP2020 analyzer (Micromeritics Instrument Corporation, Norcross, GA, USA) at 77 K and 87 K (utilizing liquid N 2 and Ar baths respectively or cryo-cooler circulator). Brunauer-Emmett-Teller (BET) surface areas and pore size distributions were calculated using software on the Micromeritics 3-Flex or ASAP2020 analyser.
UHP grade (99.999%) N 2 and (99.999%) H 2 was used for all measurements. 
Computational Data.
Computational Methods
Formate clusters were optimized with the B97-D functional 9 with empirical dispersion correction (D3) 10 and the def2-tzvpd 11, 12 basis set as employed by Gaussian09. 13 Very tight convergence criteria and ultrafine integration grid were used in all calculations. Additionally, benzoate and water solvated (at the Zn, Cu and Ni site) formate clusters ( Figure 14) were optimized as to ensure there were no effects from the small formate cluster and the differences in geometry with respect to the crystal structure were a result of solvation. Optimized formate clusters using the B97-D3 functional were further compared to PBE0 14 and B3LYP*, which contains 15% exact exchange. 15 Notably, all functionals showed similar geometries to the crystal structure. Subsequently, the hydrogen interaction was investigated by optimizing formate clusters with a dihydrogen molecule placed above the transition metal to give a C2v symmetric dimer. The B97-D3/def2-tzvpd combination showed good agreement to the monomers and has been used to describe hydrogen adsorption in a number of analogous studies 16, 17 and thus used here. Hydrogen bound structures were optimized and verified to be a minimum on the potential energy surface with zero negative eigenvalue of the Hessian. Importantly, the Pd site showed no appreciable interaction with H 2 in many cases no minima was found. The bimetallic clusters were compared to the infamous CuCu cluster, which was modelled in the triplet state. 18 All hydrogen interaction energies were corrected for basis set superposition error 19 and zeropoint energy contributions. Hydrogen Interaction Energies and Binding Site Determination. 
